Introduction
The Galileo spacecraft, which is in orbit around Jupiter, is in the process of carrying out a series of fiybys of Jupiter's four large moons, Io, Europa, Ganymede, and Callisto. In this paper we report measurements of the plasma density in the vicinity of Callisto using data from the Galileo plasma wave instrument. For a description of the Galileo plasma wave instrument, see Gurnett et al. [1992] . One of the primary objectives of the Galileo plasma wave investigation is to obtain very accurate measurements of the local plasma density by measuring one or more of the characteristic frequencies of the plasma. As of this time, we have processed plasma wave data for seven fiybys: C3, C9, C10, C20, C21, C22 and C23, where C stands for Callisto and the number is the orbit number on which the flyby occurred. The plasma wave observations obtained during the first plasma density profile. Of the remaining Callisto flybys, only two, C10 and C22, produced plasma wave emissions that were suitable for determining the electron density.
The trajectories of the Galileo spacecraft during the C10 and C22 fiybys are shown in Figure 1 . The C10 flyby occurred on September 17, 1997, and the C22 flyby occurred on August 14, 1999. The coordinate system used in Figure 1 is a Callisto-centered coordinate system with the -3-z axis aligned parallel to Jupiter's rotational axis and the +x axis aligned parallel to the nominal plasma flow induced by the rotation of Jupiter's magnetosphere. The +y axis completes the right-hand coordinate system. As can be seen, on both fiybys the spacecraft passed almost directly through the center of the geometric wake, which is taken to be a cylinder aligned along the +x axis and tangent to the surface of Callisto. On C10 the altitude of closest approach was 535 km and the time of closest approach was 0018:55 UT. On C22 the altitude of closest approach was 2299 km and the time of closest approach was 0830:52 UT.
C10 observations
A frequency-time spectrogram of the electric field intensities obtained from the Galileo plasma wave spectrum analyzer during the C10 flyby is shown in Figure  2 . The spectrogram covers a total time span of 1 hour, from 2350 UT on September 16 to 0050 UT on September 17, and the frequency range extends from 5.6 Hz to Callisto flyby, C3, have already been reported by Gur-400 kHz. The intensities are color coded with red being nett et al. [1997] . During the C3 flyby a narrowband the most intense and blue being the least intense. A upper hybrid emission was observed as the spacecraft relative intensity scale in dB is shown at the top of the flew through the wake region downstream of Callisto. spectrogram. The white line at a frequency of about 103 Upper hybrid emissions are important because the fre-Hz is the electron cyclotron frequency computed from quency of the emission can be used to compute the elec-Galileo magnetic field measurements [Kivelson et al., tron density. The peak electron density reported during 1999] using the equation fee -28 B Hz, where B is the the C3 pass was about 100 cm -3. These observations magnetic field in nT. As can be seen, a broad region of provided the first hint of high plasma densities in the low-frequency electric field noise occurs on the inbound vicinity of Callisto. Unfortunately, the duration of the leg, from about 2355 UT (on September 16) to 0017 UT upper hybrid emission was very short (only about 2 (on September 17), and a similar, but narrower, region minutes), so it was not possible to obtain a complete of low-frequency electric field noise occurs on the out- Continuum radiation is known to consist of free-space electromagnetic radiation that is trapped in the low density cavity of the magnetosphere. Since free-space electromagnetic radiation cannot propagate at frequencies less than the electron plasma frequency, continuum radiation often has a sharp low-frequency cutoff at the local electron plasma frequency. This cutoff can be used to provide measurements of the electron density [Scarf et al., 1979; Gurnett et al., 1981] . In principle, the lowfrequency limit of the continuum radiation only provides an upper limit to the local electron plasma frequency, since the radiation may not be accessible to the point where the wave frequency is equal to the plasma frequency. However, since the continuum radiation is almost certainly incident with a broad range of wave normals on a region with a steep density gradient, in this case there is good reason to believe that the propagation cutoff is at the local electron plasma frequency. The sharp cutoff typically provides a good indication that the cutoff is at the local plasma frequency. Note that the band of continuum radiation is completely excluded from the region of high plasma density from about 0008 to 0026 UT, as one would expect, since the upper hybrid resonance frequency, hence electron plasma frequency, is much greater than the frequency of the continuum radiation. Based on these arguments, we will assume that the low-frequency cutoff from 0026 to 0030 UT is at the local electron plasma frequency. The electron density can then be computed using N•. = (fp•./S980)2cm -a, where fp•. is the low-frequency cutoff of the continuum band in Hz.
The electron density profile obtained using the above procedure is shown in Figure 3 . As can be seen the electron density profile starts at a value of about 1 cm -a at 0008 UT, a few minutes before entering the geometric wake, rises rapidly to a broad peak of about 4 x 102cm -a near the center of the geometric wake, and then declines rapidly to a value of about 10 -• cm -3 at 0030 UT, a few minutes alter exiting the geometric wake. Typical uncertainties in the electron density range from about 4-6% when the upper hybrid line is narrow, to as much as 4-30% when the upper hybrid line is broad. Unfortunately, the background electron density in the Jovian magnetosphere (i.e., before 0008 UT and after 0030 UT) cannot be determined, since there is no clearly defined plasma wave resonance or cutoff that would indicate the density. However, from the low-frequency limit of the band of continuum after about 0038 UT, which is at about 2 kHz, we can say that the electron density is probably less than about 5 x 10 -2 cm -a.
C22 observations
A spectrogram of the electric field intensities observed during the C22 flyby is shown in Figure 4 . During this flyby, a strong band of continuum radiation can be seen from about 3 to 10 kHz. The continuum radiation has a very clearly defined low-frequency cutoff that varies somewhat, but is generally in the range from about 3 to 4 kHz. As described above, the low frequency cutoff of the continuum radiation gives an absolute upper limit to the electron plasma frequency, and is probably at or near the local electron plasma frequency. In the geometric wake region, which is indicated by the crosshatching at the top of the spectrogram, the maximum plasma frequency is 4.1 kHz, which corresponds to a maximum electron density of 0.21 cm -a. There is no evidence of a region of enhanced plasma density comparable to that observed on C10. The only unusual feature is the abrupt dropout of continuum radiation during an approximately one-minute interval from about 0819:30 to 0820:30 UT, shortly before the entry into the geometric wake. This dropout could be caused by an abrupt increase in the plasma frequency (hence electron density) in this region. However, there is no evidence of an upper hybrid emission or any other type of emission in this region that would give the electron density. All we can say is that the electron plasma frequency could be greater than about 10 kHz, which corresponds to an electron density greater than 1 cm -a. This interpretation would seem reasonable, were it not for the C22 flyby, which showed no evidence at all of enhanced plasma densities in the downstream wake region. The closest approach altitude of C22, which was 2299 km, is considerably higher than the closest approach altitudes of C3 and C10, which were 1135 and 535 km. These observations suggest that the plasma distribution is confined to the near vicinity of the moon, and does not have a plume-like configuration. Such a plasma density distribution would be characteristic of an ionospherelike plasma distribution, such as has been described by Eviatar et al. [2000] for Ganymede. However, other factors could be responsible for the low plasma density on C22. The closest approaches for C3 and C10, which had the highest plasma densities, were on the sunlight side of the moon (at local times, LT, of 14.5 and 11.6 Hr); whereas the closest approach for C22, which had very low plasma densities, was on the dark side of the moon (LT of 22.9 Hr). This local time dependence could indicate that solar illumination plays a role in controlling the plasma density. Also, since the Jovian magnetosphere is known to have longitudinal asymmetries [Hill et al., 1983] , it is possible that the system III longitude and/or the magnetic latitude could play a role in controlling the plasma density.
Discussion

